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er hes become of great import-
2uss of the insvesse in epplications requiring

A y&ﬁfﬁ b@

ten of heat trenafer per umit erer, Date is particularly needsd
) ipment requiring weter cooling from tempevatures greatly exeseding
the beiling point of water at etwosphorle pressure.

In order to prevent £1lm binding at the high tempereture surfece in
contact with the cooling water, the pressure of the cooling waler cen be
relged vntil its peturation temperature is sbove the wall temperature,
However, investigatlons ab lov pressures have shown that if the surface
temperature is h1rh enovgh ebove the aaturstion temperature, the phenom-
engn of suxface buxling will oceur. This has been fownd to give & marked
ingreass io the heat tronsfer coeffieclent over that predicted by well-eztebe
lished foreed convectlon eguations, increosing ss the surface vempsrature
ie dscresased io & point vhere film binding end subssquent burnout ocecurs.

The spearsius deseribed herein was designed to study the effects of
surfece boiling on hoat transfer to water flowing in a tube uvnder the fol-
lowing conditiongs

=

1. ®ater pressures - up to 2000 psis

2, Bater velositles - up to 40 fest/ase

3. Water bulk tomperatures - up to 5509 F.




£ dotsiled desrrivi:
atructed to etudy the eff
high prossures and high b
iz given of operating techniouen, ¢ :
procedure with derdvations of formvles, calibration of instruments, and
cther oy , detarmina ; A series of photsgraphe which record
the diementl} g of the Hey Tvicw centrifugal pomp for cleaning are
presentad, Thcv indicnte very clearly the source of the contemination
which hae led to 8 eontinusl aep“wmtknn of scele on the inside of the
tost section, spparently due to en ele wro-pleting of ferriec ionsz. Clezn-
ivg. of ih)g gzele hesn proven to be eroasdi

aratiue designed end cone-
ing on heat trensfer at
> 18 pressnted. & discussion
vraments, end calculating

3

Yingly time consuning end an ien-
r to trap the objestlionshle ihnq ﬂ to be edded to the eircuit.,




CRIFTION OF APPAR

investigating host tronsfer with gurfacs boil-
7 the hest flux density o/f for e perticular
temperature diffevencs driving force st partlevler velues of velooity,
pressure, end subsooling, for degrazed, diedilled water flowing upward
in e pure nickel tube. Preasure drogs arreds the Lest sention wéere &lso
meseured.

Ths procodgure for
ing coneisted of determin

The test spperatus iz & closed eysten consisting of & vertical test
section of pure nickel, a Heywerd-Tyler sentrifugel pump, & cslibrated
orifice, & heat exchanger, end & pressure vessel. 4 layout is given in
Fige 1. Power is supplied from two 26 KV DO Generators driven by 440 volt,
3 phass, LC synchronous motors. The generaior outputs ere eonnected in
gerles and provide s range of 0-24 volts end 0-3000 amperss. ‘Thermocouples
are losated st the inlet and outlet end slong the outor well of the test
gsction, readings belng teken by means of e Rublcon potentiomoter, Hodel
2703 and 2 Rubicon spotlight gelvenomehor Modsl 3401-H. A& bourden type
Rsise pressure gage 0=2000 ped is located st the inlet to the test section.
& Barton differentiel prescurs gage 0~-150 inches of water is conbected
gcross inlet and outlet of the test sschion to record the pressure drop.

A photopraph of the control panel acd motor generators is pregented
in Fig. 2 and the assowbled test gection is shown in Fig. 3.

Tha test gectlon consiate of & pure nickel tube (International Nickel
Co.*L¥ Nickel) of 1805 in, inaide dizmetsr, .2101 in. outside dimmeter,
and & length of @ inches. (Cf Fig, 4). Throadad bushings of "L® nicksl
ere gold soldersd to each end of the test pection, and meke contact with
brongs end mounte, which support the test section aspembly end carry ocur-
rent fram the busgbera,

*L% nieckel wes chosen becsnae of favoreble strength, thermal, resig-
tive, end non-corrasive cheracteristicr. The dimensions were hased on the
desired heat {lux density of approximstely 4,000,000 Btu/hr £, while
keeping the suw of the pressure snd thermnl stresges below the yield p@int(2),
The nickel tubing was ecpscially drawm and the totel variztlon in wall
thicknoss wae messured to bs .0003 in. Appendix C-4 givesz the method vssd
to detevmine the well thickness to be used in inner wall tempesrature csleu-
latione.

Power Supoly

The power supply consiste of two 36 KE Chendeysaon, 12 volt, 3000 amp~
ere direct current, externally excited generators driven by 440 volt, 3 phase,
4C 600 R.P.K. gynchronous mstore. In ordsr to obtein the meximum hest flux
density of 4,330,000 Btu/hr, f£42 calculated by Barton(a-, & maximum currentof




gencrators munt ba

2,080 smporer
caps evimum &8 rogulred.

ble of deliwe

T"a. 3 r‘s’“t’“\‘* ol ;;V'jt F"d t: %
range of hent filvy densitles woe §
Ons generater oulput 1z set contupuvu
auixut ig eddsd or subbracte? to thie
&5 in Fig, 5 by one control vhich m

rived se thal movable conbacts 3 & no)¢r1tj?g Thus &t mid
ﬂattingg genorstor #1 iifld yoadisue d o ’iag g totsl voltmvﬂ output of
12 volte, obinined from gensrator #2. 4%t cne exbromo porition of the poten
tionsters, full generator #1 exalter velL»nﬁ is impresgeed across gonsraior El
f£ield, adding 12 volis to genorator #2, end giving a total outpul of 24 volis:
A% the other exitrems position, full g“ﬂﬁrwbﬁr #). exciter voltage of opposite
polarity Jg im zed acrama generutor 2 field, subiracting 12 volte from
generstor §7, and giving & toiad oudpul of zero volie, Thuﬁ the entire rangs
of voliage from 0-24 volbe 1 coversd essily with one coatrel,

: 2 of povsr and thur s wids

. the genarvetor outputs in series.
.12 volbs end the second gpn@ratgr
2ol 12 volts., Thils is eccomplished
Tiv couplag tve potentiometers,

The two zenetetors arve starisd togethor, with the potenticmster clreouit
opezn and rapls Lad by two sbterting resistore set to glve a zers voltege oubtput,
{Cf. Figs. 5 Bﬂd 6 Toie iz done to insure thoat no veltege will be impressed
upon the tect secileon If the potentiomater control is not zeraed bafore shtari-
ing. Thin (ov‘i mzs & buvnoul of the L,st ecction if, for example, cooling
vater flovw vere *LSJf;KCiﬁutu A veley is then ene”;izad vhich pulls out the
starting revistors and substitutes the patentlometers,

\ (,a-w‘
o

A master ciav button is provided for emsrgency use in shutting down all
electrical coulpm ot with thf excoption of the silicone hest exchanger pump.

Tos taﬁ ater elreulsting pump is e four stegse 81l ®steinless® centri-
fugsl pu 1 uia@tured by Heywsrd-Tyler and Company, Lid. of England; repres-

goted in this caxatf' by the Deleve
droving of fha mamy snd cheraste

1 Stesn Turbine Co. of Trenton, d. J. :
tie curvss are shown in Fige.  end &,

the submersible type, that is, the entire impeller and
rotor e vped dn e single, lsrge, stainless stesl caging. Thig
hes the ”dvbﬂ%wue that there are no roteting shafts of any kind reguiring high
pressure; high tenpsroture se2le. The only two geels in the pump ere messl

o ma,al conteot botwesn the outer mo lor caning and the center assembly end be-

twoen the impoller casing end the center zssembly, £ geries of large studs
51edﬂﬂ4 thent, mates the pmruibill ty of leats very rennte.

The medr. dizadvantege of this pump iz the fact that the motor is con-
struﬁt*ﬁ of iron-sllicon and the robor cooling water which eirculeies batwosn

1% =rd the etolinloze easing hag covroded the motor cengiderably. The motor
Cood ster s odrevlated throvgh its own heet ewchanger but between the

metor canlzn« weter and the pump test wster below, there ere four holes of

sbout 2/8 4%, dizmacter, They ere intended to tranemit pressure with little
exchenge of wator. Howevwsr, upon shutting down the pump it was found that sone
CQD;ﬁli&iﬁlnl did seeyp dwmng necesziteting complete draining and refilling before
e/ run.




The punn he Bp o] betarn shkpmnaf which could
nat entirely bte , 3 . Thir ner tuted dippantling the
entire pump, a2 glammbling voo aleg dsb»~,: sincs & glster pump loeated
8t the Ini LA T Lng hny ; ~ed galling
&n " found porticles of
xon found in
r*ﬂr pPQVi” v ) val Gompany
- this Tork, a cmﬁp::,& report of whieh e f04nd in App@nﬂxm D.

F'ﬂﬂ in
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2 Al Eling, cﬁp"n%NWg and reserembling, tho pump was run for
aﬁﬂvv sinntely £ .iw hours throvgh the closad locp without the test section.
fng or stﬂ’?fnw gnd the poon dm?iwored ite rated lond. It
waEs nﬁtﬂ% an Giztilled weter of conducitivity 1 part per million ap NoG
b@ ame eonleoineted efter es 1ittle es four hours in the purn, The lowe
wativity  sves rermx“yﬂ after a dﬂ’ly ran was 4 pipom. The esuss ol
this hae bown deternined to ba ferric ione.
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convection equations bofore procnsding to the surfece boiling region, No
data couldd be found pertaining to the effents of m@cirical conductivity
£ the tesh wrter on hest tranafer cosfilcients, and it was hoped thet the

ffect would be slight.

Tie Duneation of the beat erchenger in the test doop is to remove the
heat transferred to the t@“i water in the test scetlon so that the ssme wot-
er cen be reclrculeted continvounly. Sincs the maximum heat input contemp-
lated ds app ate )v 50 KFi2%, the hent ex hanger gust have & cazpacity of
50 BF ov 20000 B4n ther

"“"?I’

Tae finsd design ervived ai*2> congigta of two counter-flov heat ex-
changere, one botwaen the test woter and gilicone fiuld DC-TOL {Dow Corning
Corp.)s the secand beteaen the eilicone finid and city water, The boiling
poing of DO-701 ellicons is 5727F ef atmospheric progsgure sud ginece the max-
imup dnlet termerature of the teet weter ints the hoot exchanger ie about
LEONTE, there ie no dengsr of film binding et the coslsnt contact surfece,
Fhich would ko the caas 3 ¢ity voter wore used instesd of ellicone fAumdm

o

The Lirot heat exchenger consists of s tube in tube wnit, with the

tes 2g through e "3/8 inch 18 B.W.G. type 304 stainless tube and
the e ing througb a 3/4 inch stendsrd wrought iron pipe (.824 in.
1eDa) . The er2ond heat ewchangsr conelsis of s bundle of three 1/2 ineh,

Joodt

20 B W.G. copper tubes through which the silicone fiows end an snnulus of
=142 inoh 16 B.W.G, coppor itubing throvgh which the city water flows. The
sllicone is civenleted by a Yorthington gear pump, type 3 GAM. & volved by -
pers is uﬂe"‘osﬂ around the fest water to silicone heat exchen ry and can be
cpenad st 1 silicone iic*f so as not to overload the pumn motor. & leyout
of the two heat oxchangers is given o Fig. 9.




Four VYepor Tension thermarsters (U, 8. Ststes Gouge Typs 907S) are
located et the hoat eychangsr inlets snd ontlste. These are provided ss
s preceution to lnsure that the city woter leaving the eity woter-silicons
hett exchanyer does notb reach the boilicg tempersture, snd to insure that
the silicane leaving the test wonter-silicone heet exchbenger does not exceed

thefbﬁilimg temperature of water, for fear of vapsar binding et the eity water
surface, ~

As a further precautionary measure, & pressura switch connected to
warning lighte at the main 2ontrol psnel e loczted et each hest exchsnger
ouvtlet. Thees provide warning in the event of a8 ity water failure, & faeil-
vre of the Worthington pump, or the loss of the silicone fluld. At the same
time, 1t provides & reminds> to turn on the silicors pump and to open the city
vater valve before putiing any pewer dnto the test sectlon.

Pressure Vesgel

The purpose of the pressurs verssl lg to provide & ranpe of system
pressureg up to 2000 psla and to provide mekeup water in the event of smell
leaks. A leyoub of the pressure vessel iz given ir ¥ig. 10. It consists of
& five foobt length of type 304 stainlezs gisel seamless tublng, outside diam-
eter 6.180 inches, inside diameter £.980 inches, with 2 inch plates welded
&t the enda. The odd siszed dimensions wers not choszen particularly, but ere
& resuli of the inabllity to locate eny other size with the heavy wall thick-
nesa needed to withstend the reguired preesure,

Pressure is built up by boiling water in the vessel by mesng of 8 110 volt
£0; 1.5 KV strip hezters (Chromslox #T 15424) bent into s U shape, surrounding
the veseel. In order to obtain & good hect transfer surface, molten sluminum
wag caelt arouwnd the heaters into & shesi metsel mold. The entire range of 0-12 KW
can be utilised by means of individusl toggle switches and & variac acrosz one
heator. Once the deslred pressurs hes becn reached; the proper combination of
heeters plus varisc setting will keep the pressure vessel at eguilibrium,

: Erough ingulation hes been uesd so that the heat loss to the atmosphere
is felrly esmsll, about 2 KW et 1500 psie, yet great enough to give flexibility
in decressing the prespure,

ingtrumentation

e

Flow Wsasurements

Test water flow reten are determined by measuring the differential
pressure acress a calibrated orifice (Cf. Appendix C-1) by means of & Barton
Differential Presgsure Gage.

Thie gage is constructed of all steinless steel parts, and slthough
rated at 1500 psi, has been tested to 2200 psi. A sectional view of the in-
strument is shown in Fig. 11. The renge of this gage is 0-100 iaches of
water snd was checked &t atmospheric pressure by a water manometer. (Cf.Fig.12)




urenanhe

Pressure Vessel Liculd Level Mene

It is very lmportent that enough water be put into the pressurs
vessel initially to insure s eufflcient contset svriece with the heated
welle for quiek pressure tuild-ups. I1f fa0 much wster is put in initislly,
there arieses the denger of conpletely £illing the vessel dus to thermel
expansion of e water and rupturing the vessgal.

!

& diguid level indicator that would withstand pressuras up to 2000 pal
end give « remcte penel recding was deviged, uslag enother Barion Differentisl
Pressure Cege with & reversed resding scele 50=0 inches of water. A& schematic
dirgram of the indiecator is given in Fiz. 13, '

bl

ving & filling prior to a run, the pressurs vesssl is filled ®ith
valve 1 open, thue insuring that the bypess loop iz also filled. fhe valve
iz then clozed giving & coastent heed of woter et gage port 2, The head at
port 1 is varisble, depending on the helght of water in the vessel. The gage
reading is then & direct functien of the helght of water in the pressure ves-
sel, regavdiess of the vapor pressure, which cancels out by being sdditive to
each side of the gage. It will be noted thet at the minimum icdiested level
reeding, the differestisl preseure scross the gage e & maximuw, and at the
maximane dndicated level resding, the difforential rraessurs ig ¢ minimum,

The one ssrious coneiderstion thet rust be given this type Lliguid lew-
el indicator is that of varying densitiss of water at various eaturstion
terperatures. There is ths danger thet the vessel might be full &t some
higher temperature then calibrated and yet remd seversl inches lower than full,
due to a lower water density. This was overcoms by calevleting the gage read-
ings for e presvure vesssl full of water et veriour seturation pressures up to
2000 psia. There meximum sxfe gage readings were vaver exeseded for eny prrti-
cular opevabing pressure.

urenants

g

The purpuse of the power messuremsn
heat flux dersity /A, and 5o determine i
veriables used in ecalculating the test gect

s 18 to accurately determine the
test section curreni, cne of the
en iones well temperatures.

Current ie measgured Ly memns of the voltage developed scroes a stend-
ard resistor shunt. Four 50 millivelt, 3000 ampere General Elestrie shunts
were supplied with the moter-generators and one of these wag sent Lo the
National Buresu of Stendards for calibration. (Cf. Fig. 314). The shunt is
constructed of pangenin, which has & flut rescistance versus temperature curve,
but Ltill rises slightly in reslatance at higher tempersiures., The shunt
¥a¢ mounted with the vanse vertically to enhence netural cirenlation end all
copper bussber connectione were utilized to inereass conductiob., The result
was that the shunt rewained at eppreximetely 1000F gven when 3600 snperesg
pagsed through it. The voltage scross the shunt wes meesured with & Rubicon




Potentiomster. The velve of the curvrent in terms of the potentiometer
reading ls shomn belaw:

— E  _  .oor
J Prei

[ e T T = GOy amp S

mi“n’vo!f
K CCOOO 1647 k ‘

Voltage messurvemente across the teet soction were alss mede by meens
of the potentiometer, with & volisge dividsr petwork utilized to seale domn
the voltege to & velue that could be read on & 50 millivolt potentioneter.
The cireuit is illustrated in Fig. 15. The resisbtors used in the circuit
wvore purchesed from the Geperal Redio Company in Cambridge, Mass. and cel-
lbrated by the Electrical Instrument Laberatory at M.1.T. The results of
the ecalibrotion are: '

Reegistor Beglstance
5008 10 ohms 9:994 ohms (R,)
5001 5000 ohnme 5003.5 ohme (R,)

The potentiel taps to the test ssction were made of nickel and held
in place by & stninlese stecl spring mechazism., The taps end leade wers made
of nickel In order to reducs thermzl F¥F'a. The resistence of the leads was
approxirately 1.0 chms;, shomn gchematically ea R.3 in Fig. 15.

The voltege scrose B, iz related to the volisge scross ths test sec-
tion in the following manne?:

o 74 'Q"RZ'Q-QQ
é{%s - E% ‘ [

[

El‘:s = .5o0)¢ V0/+5/m[/!fvo/f

= 50/ 8 é:",

Test Soction Outer Well Temperature Measurements

Mezeuring the outer wall temperaturs of the tert section presented sev-
eral problems; end several solutions to the problem were investigated before
the method in use on the apparatus was devaloped. In viewing the overall prob-
lem, the fellowlng coneiderations should be kept in mind:

l. A thermocouple in intimete contact with & tube wall of 0.015 in.
thickness by being welded or silver soldered would disturb the local current
distribution and give erronecus temperature readings. In addition, & thermo-
couple welded to the test section might result in stress concentrations which
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3. woeovples not welded 4o

- teat section will be in e reglon of
high tewporatare gradient from the w to the surrounding gir, and will
give temporztore reoedings belew that of the wall. Any elecirices)l insul-
ation placed vetweon the wall and the thermocouplz will sdd to the error.

The method ip use on the mpperelse is illustrated in Fig. 16, Twslve
thermecouples sre bound to the tube wall with fitergless cord. & photo-
graph 6f a bound test sectlon e glven In Fig. 17, Placed betwssn each
thermoecuple end the tube well is & emall shect <£.0015 in. miecz te insule
et the two electrleslly. Around the tube, £illed with a high temperaturs
ingulation Keolin wool, 1s en electiicslly hented coppsr ghield, mede in
three sections; each controlled by & wariec. Thres thermocsuplez are 8ile
ver goldered to the shield as shown in Fig. 16,

kher the shield tenperature is adjusted teo the same temperature as
the test section outer wall, the spece between ghovld also be st this temyn-
erature. There should then be no tempevature gredient across the therme-
couples, whizh would read the sorreet outer well femperature. Kreith and
Summeriiald {3} aod Mehdems (4) report that with surfece boiling, the outer
wall of the iest section is &t a reiriy uniform temperature. hug & wmi-~
form setting of the shield temperatures for any ¢1e sebt of conditions should
result la sccurately read wall temperaturse., In the non-bolling regicn of
heat treosfer, the test soction will bave s considerable exisl tenperature
gradient, go thet all thros verises can be adjusted to follow fairly closely
the tube tenperaiures, A discussion of tube tewperature errore ss found in
& mock-up of the test section is given in Appendix 0-5.

Test Seniion Preseurc Urep Hessurements

Pressure drop acrose the test section is measured by mesne of a Barton
Differentinl Fressure Gage, 0-130 inchse of water, connected at the pregsure
taps a8 shown in Fig. 4. The temperaturs of the water in the vertical test
saction is considerebly higher then the temperature of the apbient water in
the gage lesd-in tubing, necegeiteting a correctisn factor te determine tha
actunl fristion pressure drep. The equation for converting sage readings
to £riction pressure drop is s follows:

LS T DRy ("éz-‘?‘zf(gl;y Distance betwee,
' (2.4 préessure taps




Degeased, distilled water is used in 811 ruae, Distilled water of
ecnductivity 0.7 poa is degassed by belling in e steinless stee)l container
heated by & sterm eoll. The systenm im f£illed, and the wster is cireulated
through the pressure vessel and heated o boiling., This drives any eir
trapped in the loop into the pressure vesecl, which is vented to the atmos-
pheres.

the pyetem prosasure is then raised to the desired level by bgiling
the wabter in the pressure vesgel, The eysten throtile velve is adjusted teo
the epprovimste flow desired, slight chenges being nocessary as bulk temp-
eratures chauge. The direct-current generators are now energlzed, end ep-
proximately 500 amperes is pessed through the test ssetion without the hsat
exchengors opersting. When the bulk ismperoture of the water hes reached
the desired walue, the hest emchengera src put into operstion. :

’ The powsr input to the test section is greduslly inereased while ad-
Justing the hest exchengers, throttle valve, and pressure vessel hesters to
peintein the deslrsd veluss of velocity, pressure, and gubcooling. Prelim-
inary date iz iteken continvously in order to determine when stoady state
conditions have been ettained,

Seversl sets of dete ere teken &t each equilibrivm condition in en
effory to detect eny possible trensients, end to minimize humsn errors in
rezding insteunonts, In order to cbtein an entire curve in a8 few runs as
possible, the pressure and velocliy ere kept coustent as the power input

is increcsad. The water bulk temperature is allowed to vary slightly within
& range which will keep the desired bulk iemperaturs somewhere within the
toot section. This cen be done because of the mothed of point-wise calcula-
tlon which determines the hoet flux density o/, the ingide wall temperature
tpy end ths bulk temparature tb at seven points eleag the tubs.

In an effort te follow esch run more closely, & number of curves end
cherte were prepzred in sdvence which eonvert outside well temparatures to
ingide well teupsratures, power to 9/f in Btu/hr £42, potentiomster reedings
to temporatursn, end differential pressure gege readings to water velocity

in feet/roc. Froz the Colburn equation, curves of g/A versus L=ty had been
plotted for the partlcular cperating conditions, and date points are spotted
on the curvs &g they are obtained.

Zegt Sectlon Outer Wall Temrorature Measuremonts

In crder to oblair eccurate well tempsrature measurements using the
nothod of & heoted shisld, it is importent thet the shield end the outer
well of the test section be at the sems temporature. Thismethod had been
developed on the esgumption that an elwost uniform cuter wall temperature
would be found &t the condition of surface boiling.




It wvas found, howswsr, that the w1l temperatures inereosed from
inlet to ocutlet; with & mewimur increcre of 4009 found in Bun 8. Thet
perticuler test gection was found to hevs the thickest deposit of seale (5),
other ruus verying from clean to glighily contemivated tubes. To obtain
ecourate tempersture measuremsuts, esch gection of the heated shisld i
sat equal to the ouisr wall thermocouple opposite it. From Fig., 28, the
error in ovter wall resding is ssen o bz less then 59F if the shield
temperature differs from the tubs temporature by es much as 650F,

& technigue of reesching equilibrium quickly betwsen esch ghield
section end its opposite tubs temperatuce was developed. It is sccomplished
by overshooting the controlling variee in the direstion of change, end then
basking off quiekly when the desired temporature is resched. Eseh shield
section bag & sesll effect on its nelghbor but ne great diffieulty in obtain-
ing the proper temperatures has been exporisnced.

Test Fater Air Content Anslysls

Tho Winkler technigue is used to detormine the quentity of oxygen
disselved in the tent water., The dissolved air is celeulated from the rebio
of the Penry'e lev constent for elr end cxygen in water.

L wide nouth, gless stoppered, 250 ec bottle is used for the semp-
ling and subseguent chemicel ennlysie. The test water ie introduced through
& rubber tube into the bottom of the botils, end the weter is allowed to .
overflow for scveral minutes to insure that the weter which hed come in cone-
teet with the ailr will be removad,

The chenical rezgonis which are used eonsisted of the followings

1. 480 gn. MQSQA in one liter weter

o 100 gm. NalB end 360 gn. Ki in one liter water

A

3. Concentrated RZ saé diluted 1:1 with distilled water
Lo 5 gm. Starch in 100 cc water
5.

Stendard soluticn Ha28203 (epprozimetsly .01 Normsl)

The procedure felloved is to &dd 2 ec of reagonts 1, 2 and 3 in that
order to the 250 ec water sample, A few ecc of sterch solution 4 1z edded
whick turns the color blue. 100 cc of this blue solution is then titrated
with reagent §, the stenderd eolution of M&gsggga

Tho chenicsl reegents sre added through gradusted pipettes pleced at
the bottom of the semple. The 2 ecc of ecch reagent displaced s like emount




ce X0 e

&t the bottle mouth, ead 4% was boped thet this method would remove
wost of the ervor thet would be obtsined by owygen dlssolving et the
vater surfece. No further precautions ere obesrved after the LinE0y is
sdded as further oxygen dissoclvad in the sorple bhar ne effect on tho
amount of titration, :

The eguation below relebes the emcunt of oxigen in perts por
rillion by welght to the mormolity snd number of cubic centimsters of
Nagszﬁg titrated, ’

0p = 80 (k) (2c) onds

Klvr = 2,9 Qg




CALCULATION, PROCSIIURE

ALl sample esleuletions are based on Run 713 with the pid-
point of the test section (stetien 4} boing used for sll ealevlationsg,

4o Inside wall tempersture

The plot shown in Fig. 18 is used to deteruine @o=tw from the
© current, end b@n

z:o = A474° 2 L FEAZ4E amps ; b=t w22
L, =452°F

2:  Mesn Rosistivity

Reaistivity is plotied in Fig. 23 es e function of the tenperature.,
The mean rosistivity at station 4 is escumed te be that evelusted et the
mean well temperature, (t@ + tg)/éo

(E+-t. Mz = (474 ¥452) /2 = 443 °F
A, = 6.75 (ww) ohm - fFeect
3. _Heat Flux Denpity
: 2
o = 1,448 (10°) TR,
G = l12g (1000245 (6.75X10"7)
/n = £,201,000 Brug, e

bn__Averape Hast Flux Density

, = B.413ET
{5’1/4 )a.Vj U

7LD
(#h) = Z43(1054)1245)
fig : -
3.4 9,;3,) (./&o.@ >
\ iz i 1z
(7/a = 4,252 000 Bfujp. (1*

4% Vsj
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Bulk Temnmerature (Cf App. B-3)
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13, Preneure Drop derose ]

To obloin the frietion pressurs drop scross the hented portion of
the test seetlon, twe correctione must be mede to the Barton differens
tial preasurs gage reading. The pressurs drop escrcss the unhoated portions
of the test gaction must be sublracted from the total p reading, and correc
tion mwueth be mede for the difference in dempities betwoen the ilguid wihhun
the test section end the liouid in the lipes eonvecting the gage acrcoss the
test seectlion,

g. No mv ‘face H&%J&ﬁ

L7, =AB +(b24- U, s Aw(éz., - ¥y )

é-‘t—.. i L& ”W”g.:ﬁ - G’Z' _'4

BPrg TEC5 4 624- i/(.z 12) =~ (1302 ~ 9,3%) {g6,2)

£2.4
F9.42

A?ts = 42,5 /n. H}_O

b, Surfece Boiling

Thes pressure drop wnder conditions of surfece bolling csanot be sc-
curately ecaloulnted since the uninown qusntity of vepor within the test

saction mm&ﬁs the ﬁv@rmge density unee; r. 1If the density iz sseumed
tv changs & negligible smount ap far ag pregsure drop is concerned, the

following scquation iz = gﬂgd awﬂrovimh&imv Celevlaticns are beased upen
Bun F=17%.

4Fs = bigrlezd-uy), , (R AP, + (e2.4-0,) j
62,4 L.bﬁ “Z;;:; -

AP, = ¢ "‘"(éﬁfj.m‘:?")(/*ﬁ 12) - /z;z 75‘2{5& *_.((,ZA 5%2);3 1z
6Z-4 i34z L e
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Test water inlet bull temperaturs, OF
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Test weter outlet bulk temperature, F
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Tezt section outer wall temparatvre, F
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Test section inner wall temperatvre, °F
»

Seturetion temperaturs, OF
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Flow velocity, fest/son
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Electrieel resistivity et temporaiure mg‘_nig

Viseosity, 1b/br £t
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2lectrieal reglgbivity of L nickel xari@ﬁ 4o} wid&@y i dh
tamp s voltoge gredient eleong the twhe defix wi zonaiders
&ulyu o aamid the inatsllation of & seriss of potertisl @pn elong the

ahi lstersine the voltage gradisnt at each thcrmncouyleg the
enuation waR &m in terms of current, the aversge velue of which ig constent
at eil eross-ssctions. The eonversion ig es follous:

de o I8, _ F FPm

mm«vv m'v" -

o & 7l -’
3.413 P, LF
2\2

zﬁ; Ko ?:?“z(f:)z““‘ r" E

3

The equetion hes been plotted in Fig. 18 es &(m&w gsrgus 1 at verious
levals of to :

e
)
]
ot
]
S
Ed
';“’“

m =

2, Hsat Flux

The pover disslpsated in eny poriion of the test sertion ie dependent
upon the resistance, whieh, baing & function of temperaturs, varisa f*om point
te polnd along the fubs. The heat flux density then varies elong the test

gection length and must be calevlabad to obtain eccurcte results.
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Dats telen with the srpperstus effords several checks of this
equetion. The qfh.gp, czleulsted from the povsr messwvrement should be
equel to the average height of the gff wersue length plot, and the sum of

the water temporaturs rises between stetiope should be equal to f@ut“&ino
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C, for eny glven eriiiec is & fucction of the Reynolds mumbsr at low
Baynolde numbore, bub resains constant ot higher ve'ues. The flows to be
caured are all at the higher Reyuolds numbors, meing Cl & eonstant through-
bhe em%ir@ rEnEe.

il

Dets obtained in thess calibrations is preseisted on the following pege.
Curves of fiow in pounds per hour versus hﬁ*bmn gage reading have been plot-
bad in Fig. 20, From these curves, velocity throvzh the test section in
fect per second versus Bariton Gage resding hfvs been plotted in Flg. 21,
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el eonduetivity
neery for the ealeulstion
retela) : - Prts obtsined fronm
the Internsti L : b} omopnieotion wvas deaped
setiefectory for tha th pravetivity, (CF. Fig. 24) but resietivity
‘ i - Therefoere menmurements of
" ve were mnde eb verlous temp

the resistlvit
erstures to d:

& gohen
nickel tubing w
elly heated furns
the tube for temp:
01 ohirn, end a

eratos used Is ehown dn Fig. 29, Tue
ioun temporeture levols in en electric-
5§ re plased leagitudinelly along
The tubse, & stendsrd renistor of
tab! rtat wore eonmacted iv sevies serces & 2 volt
storags bettery.  Sin eurrant in the 1 op 18 eonetent, the patlo of
the posiatanes of & length of the tube to thei of the gtendard resistor are
proporiional to the voltege drop across ensh,

4 Rubleon semi

Leon “precielon potentiomater was vsed to measurs these
voitage drops et variovs tewperafures. Tao potential teps were plsced on
tubes eufficiently far from the galibrating eurrent terninals to insure
"ieel enrrent flow st eny erons section of the tube betwoen potentisl
The lesd-in wires were mede of nieckel to veduce thermel ENFlg.

The rheostat wes placed in the cireuit to drop the exeess battery
voltege end to ellov for veriation of the celibrating eurrent and hense the
mognitude of the woltsges being mensured. Thie served ec e check, sinece
the retio of the tws veltege drope should bz & conatent et any partievler
tewperature, regerdless of the level of current,

uples elong the tubs indicated & mexiwum veristion in

Pend o end st e teuperature level of &00%F. The everage
velue of the thres temperstures wse usod. Small thernal FNF'e ware regise

tered serose the length of the twbe when {the calibrating eurrent wes reduced

te sero. Thess were subtracted from the potenticneter reedings to obbtein the
voltege drop due to eurrent elone. The retio of the tvo voltage drops remsined
eonstent et & particuler temporeture to within Z5% 8t verious magnitudes of
guvrrent.

Dets
Tenpara ture!°F) Tube Reaistance
: - (Ohms 10=2)

75 2,955
216 4105
32/, 5,158
365 5.598
465 6.750
506 7,291
615 8.963
668 92,950
701 | 10.459
757 10.925
807 S 11,265




Since the sres end length ere a fueticon of
srpasded Loz

ergture, the squation in

;‘ ,1; \;Zr'
p= s’«?m”{‘u hy ot = (4t st )
L. [ { /7‘& c“’T Qi)

The crosc-gections) arse of the tube wes eslovlzted from measurenents
of lepgih end welght and from known density. (Cf App. Ced)

(Plotted 3n Fig. 23)

Tempars ture {(OF) Bosdetivity {cho-fost x 10a7}

K i) #:.961
2410 4 dLT
324 5. 173
365 5,620
L65 6. Th4
615 . 017
667 10,805
FOL A0.532
757 11.001
BO¥ 11,344

3. Ihermogounle Calibratlon

Thermogouples of Chrowel P end Constantan were vesd for temperature
peasurements. Thess metals were chosan for their high therma) BT per degreo
ef tempereture difference, sud for stebility at temporatures o 800CF,

The thermocouples were calibreied at the Hest Meesurements Leborslory
et the Massachusetts Instd tuts of Technology. Apparntus iz set up thers for
celibrating thermocouples st the temperatures of condenging steam, condensing
naphthz, condensing meroury, and condensing sulfur. In eddition, there is
& large copper block that ie meintained electrically et epproximetely 12007
in which thernucounles ean be calibrated sgainst & standsrd Copper-Soastentan

T £ Pp
thermocouple. 1% was felt thet thiz vumber of points would be adequate to
glve temperaturse of $.5% from 32-8009F when ths thervel BMF ig measwred by &
precica potentiometer and galvanometer,
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This plot
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s of the eslibreted thermscouple from
! eplea 19, 20, end 21 of *Tables of
eriztics®, a Gepers) Electric Publicstion (GET-141%). Thesn
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Goppor Copparator 1317.36 2,778
2338 6,08

i23.8 | 1418

A HALOTY

In srder o acoura

tely emlenlets the inner wall temperature at eny point
slong the test section, the wall thickness end the outer wall temperature &t
thet point muet boe ecourstely knewmi, This would necessitate & delicate messur-
ing device whish could probe inte & 130 in., diemeter to & depth of et lesst
balf the test gectlon length, and wap the wall thickness at points where therimc-
couples vere to be plaged.

It was felt thet the meeuracy ovtained did not warrant such peinsteking
instrumontation since thermocoupler ware to bs placed st intervels along and
evound the tubs, end kaowing the precise inner wall tempersiure &t & few selen-
ted prints only would not glve eny more accurate results. I+ was felt that the
everage wall thichness of the entire t2st sectlon would give es mesningful re-
sulis.

From known density, and measured weight, length, and outside tube diem-
eter of 2101 in.,; the aversge inner dismster wes enlouulated to be 1805 inches.
The average wall thicknssge wag then csleulated to be 0148 inches.

R R s

& mocksnp of the test seciion was bullt to determine the operating

|

|
5. ¥ogk-Up For Test of Tempereture Mesguring Apperatus
csheracteristics of the hested ghield method of surfece temperature measurements.




The echarsctoristices of specisl intercet wore:

1, Tolerances of the shield tewmporsture which wovld permit 1%
gecuracy using thermocouples bound to the outer tubs wall,

2. The axial temperaturse diatfibubion of the shisld. Cooling
effects of the end supports might place too great a temperature gradient
in the shisld exlally which would introduce errors in measuring the outer
walle,

3. Time increments necesgsry to schieve steady state with the ehleld
et the ssme temperazture as the test section. If the time necessary to
come to equilibrium is too great, dete taking, the bulk of which 1s the
test ssction ouber wall tempsrature, will be slewsd domn considsrably.

In order for & mock-up to be of eny velus, it should epproach es
closely ag possible ths ectusl operating charvacteristics of the ultinmate
inatellation. Sinece the ectusl apparatus had not been fully construeted,
it was necessary to rely partly on the reporte of other inves tigators (3) (4)
in dstermining what ths esctusl operating characteristics might bs in the sur-
frce boiling ragloma .

The prime prerequisite was thought to bs & tube of constant exiel

temperature to resemble surface boiling conditions. Another important

prerequisite was & corstent temperabure tubs regardless of surrounding
etmospheric temperatures. 7This was determined from the faet that in the
ultinate installation, the ewount of heat loss from the outer wall is so
small compared to the hest flowing from the inside wall to the water,

that its megnitude will not affect the outer wall temperature st 2ll.
Therefore, the actual outer wall temperature of the tube wlll not be affect-
e by changes in the shield t{emperature, only the thermocouple readings

will be sffsected.

To echisve these conditions it wape decided to pass condensing vapor
through a nickel tube heving the seme dimensione es the test seciion,
The surfece heat transfer coefficient between a condensing vepor &nd the
ingide surface of the tube is sufficiently high that eny cooling or heat-
ing effect by the shield surrounding the tube. will not change the tube
temperature from that of the condensinyg vapor. As long es the condensing
vepor is in the two phase reglon along the entire length of the tube, the
temperature elong the entire length will be uniform, neglecting small
pressure drops.

Initielly, condensing sulfur was tried sinece the condensing tempers-
ture of sulfur is ¢lose to the meximum temperatures expected in the actual
installetion. It was found that with a simply built apperatus & uniform
temperature tube was difficult to obtain. Thore wers large axiel temperature

-variastions, and the tube temperature changed with the shisld temperature.




Condensing stean wes then Lried and found to produce & wiiforn
tubs temperature that remcined conptant vhen the shield temperature
was varled over & wlde renge. The texpsreture of the tubs wes mueh
lower than those expasctsd in the eetvel instslletion, but the resulis
wore felt to be significent since it is the reletivs temperature be-
twaen the tube amd shield that is of primary impertance.

4 schematic diagran of the wosk-up is given in Fig, 27. Water
vepor ripes through the nickel tubs end is erxhausted to the eir. Six
thermocouples are bound to the tubing in the same msnner as on the ac-
tuel epparetus, with fiberglass insulation end & thin pises of wica be-
tween each thermocouple end the tute. In addition there is one thermo-
couple silver soldered to the tubs for the determination of the true
tube temperature. The copper shield has three thermocouples sllver
soldered to 1it, end epproximately 20 feet of #24 fiberglass insulated
chrome) wire ig wrepped around il for resistence heating. The tube end
the shield ere both inside & larpge ceramic tubs which acts as & separator
of the two steel end supports. & ceramic tube of the seme dimensions is
used on the actnal installetion end it was included here to determine its
effect on the apparatus operation. The only effect of the eeramic tube
was to increase the time for the system to reach equilibrium. This time
ves eppreclebly shortened by machining four-1/2 in. holes at the top and
bottom and allowing sir to circulats between ceramic end copper shield.

The recults of the tests run on the mock-up are plotied in Fig. 28.
They lead to the following conciusions:

1. The shield temyaréturaﬁ gen’ vary 10°F ebove or below the mctusl
tube well temperature end give an accuracy of 1 F on the tube wall temper-
sture reading.

2. The axiel temperaiure'distributien of the shield was vniform
to within 29F at a1l the tested temperature, giving riss to the hr~e that
it would be uniform at higher levels of temperaturs.,

3~ The time increments necessary for the apparatus to come to eguni-
libriwm, with the shield and tube temperatures the same, was sbout 10 minutes.
This emount of time was not considered unduly long, since in the actusl in-
stallation, the time necessary to come to eguilibriom after & change in oper-
eting conditione wovld certeinly bs greater then the time to brimg the shield
to the propsr tempsrsturs.

bate obteined is given op the next pags-




Ehield Volts
Shield Aups

. (°F)

&t

&

211.4
207.2
206.9
202.3
208.4,
207.5

208.4

2.1
3.0
3.9
3.0
63

1.5
1.2
29

30
2.5
212,0
212,12
2il.1
211/,
211.4
211.4
211.4,
199
200
200
9
-9
6

34
2.8
2117
AN YA
211.4
211.7
2317
211.7
211.7
202.9
211.1
210.8
o3

-3

0
0
0
0
L




LING OF HAYEARD-TXLER PUMET

Under the supsrvision of Br. W. N. Boodard of the Delavel Steswm
Turbine Co., ths Hayward-Tyler pump was completely dismantled, except for
the upper motor esmembly., Figs. 23 through 35 are photograpbs of the pump,
recording the work as 1t progressed,

Fig. 29 shows the pump &p 1t was removed from the test cell. Fig. 30 shows
the pump housling which contained a pesl of rusty, oily water. It might be noted
thet beceuse of the height of the inlet and outlet porits sbove the bobtom of the
pump housing, & quantity of water alweys rewains et the bottom, making the task
of conmpletely flushing guite difficult,

Fig, 31 wes teken with the pump essembly removed for inspeciion and
cleaning, Flg. 32 ie the entire four-stase pump assembly =5 it is contained in
the pump, and Fig. 33 is 2 blown-up view of the bottom stege of the pump sssemb-
1y, the right side being the bottom. Reading from left to right the parts ares
pump dmpeller, guids veues, wearing plate, split ring, return venes, wearing
plate, split ring, end pump bearing housing.

Fig. 34 is n closa-up of the guide vanes and impeller and shows clsariy
the poor quelity of the steinless sisel cactings, which contained blowholes and
imbedded send particles. The fact thet the impeller blades were not machined
ie perheps one of the mejor factors causing such low pump efliciencies (Cf.Fig.8).

The shaft as sesn in Fig. 31 was checked with & dial indicator and & run-
out of .04 in, Total Indicator heading wes found., The cause of the run-—out
could not be deternmined, This run-put mey, or msy not, be objectionable, but
might increase the denger of galling at the wesring rings. The totel wearing
ring clesrence was 005 in. It wes at these points that rthe pump at U.C.L.4.
gelled, nacesslisting increesing the clearance to 010 in.

The entire pump nmssembly wus washed in & solution of Qskite and wire
brushed in en abiempt to remove deposited rust and some of the imbedded sand.
The first was successful but little send wss removed. 1%t was feared et that time
that thie send might dislodge &% high water temperstures and be carried around
through the system. No particles of sand have ever been found but chemical an-
elyais has shown ﬁi@z to be present in the test water.

The pump assembly was put back into place, and the motor cesing removed.
Flg. 35 shows the motor stator which was coversd with & heavy coating of rust.
Thie was washed off end the casing reassembled. No further disassembly was
done for fear of distirbirg the Kingsbury thrust bearing located at the top.
Thie besring carries the ¢ntire weight of the motor rotor, shafting, end pump
sssenbly.

The pump was tnen given & hydrsulic pressure test of approximately 4000 psig,
which was retalned for avout two hours with no visible leeks or drop in pressure.
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Form 259 UNITED STATES DEPARTMENT OF COMMERCE
' WASHINGTON

National Burpan of Stanmdards

REPORT

of Test of

CURRENT SHUNT
0.00001667 ohm, for 3000 amperes
General Electric Company, No Serial No.

Submitted by

Massachusetts Institute of Technology
Attn. Mr. Paul V. Osborn, Jr.
Res. Asst. Mech. Eng.
Department of Mechanical Engineering
Cambridge 39, Massachusetts

The resistance of this shunt, when measured on December €, 1949,
after tempersture equilibrium had been attained under the conditions
specified below, had the following values:

Shunt
Temperature Test Current Resistance
°c Amperes Absolute Chms
24 600 1.6603 x 10=°
50 600 1.6632 x 109
75 600  1.6647 x 10~S
100 600 1.6656 x 10-°

The values of resictance given above were correct, as of the above
date, within 0.1 percent for the condition of the test, i.e. uniform
current distribution insured by cleaned copper busbars symmetrically
arranged to completely fill the slots, and potential-tap location
fixed by inserting insulated washers below the metal washers under
the potential-tap screw-hesads.

For the Director

F. . Defandorf, Chief A

Electrical Instruments Section

Division of Electricity and Optics
1.3/123403

Your letter of 11/25/49
December 20, 1949

Fﬁg.l4
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Officer in Charge
Office of Naval Research
Branch 0ffice

Navy NO. 100, Fleet POOD
New York, N. Y.
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